. Of the three, the WGD in carp occurred most recently, only 8 million years ago. The Atlantic salmon genome was duplicated 80 million years ago, and the X. laevis genome provides us with an intermediate, at approximately 34 million years.
Session and colleagues made some interesting observations when looking at within-species evolution in X. laevis. They found that protein-coding genes were retained at a higher rate than expected, suggesting that maintaining balanced expression levels is necessary for more genes than previously thought. Conversely, conserved non-coding elements (CNEs) -the regions of the genome most likely to be sequences such as enhancers or promoters that regulate gene expression -were retained at a significantly lower rate. This fits with the idea that regulatory elements have more freedom to change in a duplicated genome, accelerating evolution.
Another interesting phenomenon was that one paired set of chromosomes (dubbed S) was almost four times more likely to have a gene die or be deleted than the other (X). It is unclear why this would occur -perhaps certain aspects of the physiology of the new frog species that emerged from the WGD were more compatible with the ancestor that contributed the X chromosomes, thus favouring retention of this set. Session et al. also noticed that certain categories of gene were more likely to be specifically retained in two copies -in particular, those encoding DNA-binding proteins and proteins of developmentally regulated signalling pathways. One reason given by the authors for this is that transcription factors and signalling molecules that often rely on gradients of expression for their effect on development might be more sensitive to alterations in copy number than most other proteins.
Finally, Session and colleagues showed that many pairs of duplicated X. laevis genes have divergent spatio-temporal expression. These alterations in gene expression are a good opportunity for scientists to connect gene expression to the molecular evolution of duplicated CNEs. In other words, alterations in enhancer sequences can be correlated with alterations in gene expression, and the causative proof of these changes is particularly compelling because the changes can be measured against another copy of the same gene within the same species.
The genome sequence for the African clawed frog gives us much to celebrate. Developmental biologists now have at their disposal the detailed genomic information so essential to modern biology. Genome biologists have proof that even large, complex genome duplications can ultimately be resolved into high-quality assemblies. 1 observe a source of ultraluminous X-ray flares (indicated by the white circle) near the elliptical galaxy Centaurus A (NGC 5128; centre).
ASTROPHYSICS

Unexpected X-ray flares
Two sources of highly energetic flares have been discovered in archival X-ray data of 70 nearby galaxies. These flares have an undetermined origin and might represent previously unknown astrophysical phenomena. See Letter p.356
ince our beginning, humanity has observed and chronicled stars, comets and supernova explosions. Nowadays, we have instruments that can cover a wide range of the electromagnetic spectrum, from low-energy radio waves to high-energy X-rays and γ-rays. The high-energy sky is the theatre for many time-varying and energetic phenomena, often involving compact objects such as neutron stars or black holes. On page 356, Irwin et al. 1 report what looks like a previously undescribed kind of bright X-ray flaring activity in neighbouring galaxies. In 2005, an unexplained source of X-ray flares was discovered 2 in proximity to the galaxy NGC 4697. Motivated by this discovery, Irwin and colleagues analysed archival X-ray data from the Chandra and XMM-Newton space observatories and found two further X-ray sources that exhibit particularly bright flares. The authors' sources are located in the outskirts of nearby galaxies: one near the Virgo galaxy NGC 4636 and the other near the Centaurus A galaxy (NGC 5128; Fig. 1 ). The archival data for the latter source revealed five different flaring events. The peak luminosity of the flares (up to 10 34 watts) is intriguing, because it is even greater than the luminosity that can be attained by a neutron star under normal circumstances. All the flares had short rise times -they reached their peak luminosities in less than a minute -and lasted for about an hour.
What is the origin of these flares? In general, such events can be identified by their duration and whether or not they recur. Non-recursive events that have durations similar to the observed flares include long-duration γ-ray bursts 3 and explosions that signal the deaths of massive stars (energetic supernovae). However, these explanations require a population of young stars, whereas the sources are located in the outskirts of elliptical galaxies, which would indicate an old stellar population.
Repeated bursts of high-energy radiation are observed from the flaring of stars that are less luminous than our Sun. Meanwhile, neutron stars are generous sources of different kinds of burst. Highly magnetic neutron stars called magnetars in our Galaxy can give rise to bright flares that last for less than a second 4 , but can still influence Earth's ionosphere. By contrast, neutron stars that accrete matter from a companion star can produce 'type-I' X-ray bursts, resulting from runaway thermonuclear combustion of matter accumulated on the neutron star's surface. These bursts repeat, but they cannot explain the observed signals because they last for only a few minutes and are less luminous by a factor of about 100 (ref. 5). Finally, neutron stars can also exhibit super-bursts, which are longer versions of type-I X-ray bursts (lasting for a few hours 6 ), but these are also under-luminous compared with the flares discovered here. Therefore, even within this zoo of different transient phenomena, Irwin and colleagues' flaring sources remain unmatched.
Do we have any other information? Both sources are located in old stellar populations, which probably rules out the presence of young neutron stars such as magnetars. In addition, the sources reside in what seem to be globular clusters or ultracompact dwarf galaxies. The optical spectrum from one of the sources shows that it is at the same distance from Earth as is its host galaxy, which confirms that we are not looking at a star in the Milky Way that is being projected onto a more distant galaxy. Both sources also have a high X-ray luminosity before and after their flares that is larger than can be achieved by a neutron star (even if exceptions exist for young neutron stars 7 ). All of these observations seem to suggest the presence of a black hole.
If the black-hole interpretation is correct, there are at least two viable explanations. One possibility, which is suggested by the authors, is that there exists an intermediate-mass black hole (100-1,000 times the mass of the Sun) at the centre of each source that, for some unknown reason, emits flares that last for about an hour. Alternatively, one could envisage a lower-mass black hole whose X-ray emissions are beamed directly towards Earth. A binary system that has a highly eccentric orbit 8 might explain the repeated flares detected from the source near NGC 5128). The flares from such a binary system would be strictly periodic, because sporadic surges of accretion would occur at the point of closest approach.
The mystery of Irwin and collaborators' flares might be solved, as often happens in astrophysics, with more observations. In particular, one could investigate the frequency at which the flares occur. An important aspect of the authors' discovery is that both sources were identified after a careful search through archival data, which provides further testimony for the legacy value of such archives. Now that we know these strange objects are out there, they will remain on the watch list and more examples will be searched for. ■ 
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T umour cells are subject to various forms of stress, such as oxygen or nutrient shortages, when tumour blood-vessel formation cannot keep pace with tumour growth -and the cells therefore need to have effective stress-survival strategies. Heat-shock proteins (HSPs) are often active in cells exposed to stressful conditions. On page 397, Rodina et al. 1 have investigated the role of HSPs in human cancer, and find that the proteins exist in a large complex in some cancer cells.
Maintenance of the correct 3D structure of a protein is essential for its function, and cells have mechanisms dedicated to protein quality control. Proteins with structural defects are either refolded into the correct conformation or, in the case of severe structural abnormality, targeted for degradation. Protein quality control is regulated by chaperone proteins, which are often involved in facilitating folding. Chaperones include HSPs, which are active in human cells both under normal conditions and in stressful conditions such as inflammation and a state of reduced oxygen known as hypoxia.
Rodina and colleagues investigated HSPs in human cancer cells using a biochemical technique that separates proteins in samples of cellular proteins. The authors found that, in samples of what they call 'type 2' cancer cells, the heat-shock protein HSP90 separated as expected on the basis of its structure. However, in other samples tested, HSP90 had an unexpected separation pattern that could be explained by its presence in a large complex with other HSPs. The authors use the term 'type 1' cancer cells to describe cells containing this large protein complex (Fig. 1) .
The researchers found that, in type 1 cancer cells, HSP90 associated with dozens of other proteins, including scaffolding and adaptor proteins, which are also involved in regulating protein folding. The authors called this structure the epichaperome. By contrast, in type 2 cancer cells and non-cancer cells, HSP90 was associated with only a small set of proteins, and most of the HSPs existed as solitary proteins or were assembled into small complexes.
HSP90 requires the essential nucleotide ATP to function. The authors therefore targeted the epichaperome using the molecule PU-H71, which binds to HSP90's ATP-binding pocket and inhibits the protein's function. The inhibitor bound more tightly when HSP90 was in the epichaperome, and killed more type 1 cancer cells than type 2 or non-cancer cells. This difference was not attributable solely to chemical inactivation of HSP90, because the authors
